The axillary lymph node extraction (ALNE) is part of the surgical staging in breast cancer. Radical ALNE was associated with high morbidity and significant loss of QoL. The adverse effects decreased since the introduction of the sentinel lymph node biopsy (SNLB), with dyes and radio nuclides as tracer substances. They could be replaced by super paramagnetic iron oxide nano particles (SPIOs). Through the magnetic particle imaging (MPI), a 3D-imaging and distinct localization of SPIOs can be achieved in SNLB. Qualitative and quantitative enrichment of SPIOs in the axillary lymphatic tissue is unexplored until now.
Introduction
Breast cancer is the most frequent malignant tumor of the female population worldwide in western industrialized countries. Tumors of the mammary gland are draining to the axillary lymph nodes. Therefore, axillary lymph nodes were primarily radically dissected from the ipsilateral axilla (ALND) as part of the staging [2] . There is a significant prognostic drop, when tumor cells are detected in lymph nodes. But, high morbidity and loss of quality of life occurs when ALND is performed because of surgery related side effects. Those side effects where dramatically reduced when a new standard was developed and introduced. This so called concept of sentinel lymphonodectomy (SNLB) is based on the theory of mammary lymphatic draining to axillary lymph nodes in a hierarchic manner, whereas one or few lymph nodes are draining lymphatic fluids from the breast tissue. Within this method dye and radio nuclides are injected into the breast. The sentinel lymph nodes (SNLs) are identified by visualization of blue dye traces and use of a gamma camera for a targeted extraction. Super paramagnetic iron oxide nano particles (SPIOs) could replace these marker substances under the use of real-time intraoperative three-dimensional imaging and localization by magnetic particle imaging (MPI), probably by the use of a MPI hand probe to further reduce the side effects when axillary lymph nodes are removed,. This eliminates the exposure of patient and medical staff to ionizing radiation. Qualitative and quantitative enrichment of SPIOs in the axillary lymphatic tissue is unexplored until now. Moreover, the MPI procedure was not applied in vivo within this setting so far.
Material and Methods
To prove the mentioned principle of SNLB by MPI we applied a healthy mouse model [4] . SPIOs (Resovist®, Bayer Shering Pharma AG, Germany) were injected into the mammary gland next to the axillary region of healthy female C57B6 mice. We examined the mammary glands, the axillary lymph nodes and environmental tissues for SPIO accumulation and distribution after sacrifice by histological examination at formalin fixed and paraffin em-bedded tissue, stained with hematoxilin-eosin, nuclear fast red and iron sensitive Prussian blue stain correlated by electron microscopy and MRI (3 Tesla microscopy coil) [7] .
Ethics
This animal study protocol was approved by the ministry of agriculture, environment and rural areas of SchleswigHolstein, Germany under the registry number V 312-72241.122-10 (35-3/09).
Results
The examination by electron microscopy showed that SPIOs are following the traces of lymphatic vessels, respecting the borders and spaces between different tissues e.g. muscle fibers, they were found in the neighborhood of collagen fibers (Image 1).
Image 1
The tissue section with lymph vessel between mammary gland and axillary region shows, that SPIOs are forming a kind of trace to the axillary region. They are not located within cells, but between tissues e.g. muscle fibers and near collagen fibers.
The SPIOs could not be located within cells by light microscopy, but they were found in the neighborhood of collagen fibers and around fat cells. They accumulates in the lymph nodes cortex region (Image 2). These findings were demonstrated under the use of electron transmission microscopy. Also using electron transmission microscopy, SPIOs were not detectable within other cells except macrophages. SPIOs are incorporated by endocytosis by these monocytotic cells (pictures not shown).
Image 2
The completely formalin fixed and paraffin embedded axillary lymph node shows that SPIOs are clearly located in the cortex region. The slide was stained with nuclear fast red aluminium sulphate solution and iron sensitive Prussian blue.
We are presenting the first results of the approach of SNLB by MPI. SPIOs are moving from the injection site through the lymph-fat tissue to the axillary region and finally into the axillary lymph nodes. Qualitative and semiquantitative distribution of SPIOs in lymph-fat tissue is shown here for the first time.
Conclusion
For conventional SNLB the axilla has to be widely explored to identify the SNL. The presented results show the feasibility of the use of SPIOs for SNLB under the use of MPI. This project is part of a comprehensive test program to develop the new SNLB technique. This will be less complex and incriminating for the patient and the staff [1] . Additionally, a new MPI hand probe with unilateral solenoid arrangement designed for use in the operating theater is under construction [5] . Intra operative threedimensional imaging with the MPI hand probe facilitates the axillary SNL detection and moreover makes it more precise. Through the avoidance of intensive surgical exploration of the axilla the morbidity is dramatically reduced.
We aim to show that SPIOs and the MPI technique are effective to be used as SNLB tracer and finder. Therewith the sentinel lymph node detection can be easily performed after intra operative tracer application. Compared with the standard SNLB this method will be less expensive and a less burdensome diagnostic process. The tracer for MPI is easy to obtain. This makes the method accessible to all patients. Further investigation will show the quantitative distribution of SPIOs in the lymph-fat tissue and lymph nodes and we will proof the SNL concept within a tumor bearing and metastatic mouse model [3, 6] . At that time, experiments with magnetic particle spectroscopy (MPS) are ongoing. The concept of SNLB by MPI can be applied in principle in all solid tumors [1] .
